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ABSTRACT
CONTINUOUS ANALYSIS OF PHOTOCATALYTIC ACTIVITY
IN THIN-FILMS AND COATINGS
by Steven Michael Allee
December 2011
Materials that undergo photocatalytic reactions create evolved gases due to ultra violet
light decomposition. Current methods of measuring these gases typically result in destruction
of the sample. A test fixture was developed to measure evolved gases in a nondestructive
manner through the utilization of a flow-through sensor array system. Preliminary testing
indicates responsive measurements down to parts-per-billion sensitivity for some gases
and will be compared with mass spectrometry measurements. Further development of this
process could lead to the ability to measure photocatalytic reaction gases on a continuous
basis without interruption of the process or destruction of materials introduced to the system.
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INTRODUCTION
1.1 Introduction
Today’s society has a large push to reduce the number of Volatile Organic Compounds
(VOC’s) released into the atmosphere. Research reflected there are different ways to measure
such VOC content. The problem became apparent as there is not a test fixture that allows
for the continuous analysis of Volatile Organic Compounds in a non-destructive manner
on the market today. The current standards for measuring VOC content and identifying
the compounds destroy the sample in its entirety. The most widely recognized method
incorporates a Gas Chromatographer Mass Spectroscopy (GCMS) system. The solution
is to create a test fixture in line with a gas stream continuously sampling for VOC’s and
other related atmospheric conditions. This makes it possible to validate such results from
the stand with the more widely accepted method of GCMS.
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REVIEW OF LITERATURE
2.1 VOC Test Fixture Design Background
The United States Environmental Protection Agency defines a volatile organic compound
as “any compound of carbon, excluding carbon monoxide, carbon dioxide, carbonic acid,
metallic carbides or carbonates, and ammonium carbonate, which participates in atmospheric
photochemical reactions” [14]. These compounds are typically measured using GCMS. This
causes a problem if one must have a sample left after testing. This requires an apparatus able
to continuously analyze a sample. This narrows the available technology to Photo-Ionization
and Metal Oxide Semiconductor.
A test fixture is an apparatus created to consistently and repeatedly monitor the behavior,
characteristics, and methodology of any system or device. Such fixture must be designed to
acquire the pertinent data for further evaluation and analysis. A Volatile Organic Compound
test fixture is designed to quantify the amounts of VOC’s released from specified samples.
In order to measure the content sequentially high speed data acquisition is required along
with multiple sensors. There are several methods to measure VOC content. For example,
Photo-Ionization Detection (PID) sensor was found to be the method of choice, while there
are some other methods that can be used to measure VOC’s including Flame Ionization
Detectors (FID) and Gas Chromatography Mass Spectroscopy (GCMS), and Metal Oxide
Semiconductor [7]. By evaluating the method each process presents, one can decide on the
most suitable solution for the test fixture.
2.2 VOC Sensors
VOC sensor was the most prominent sensor in the stand. PID found to be the sensor of
choice over FID and GC/MS due to these processes destroying the sample. The PID sensor
allows for a stream of gas to pass the sensor and does not destroy the whole sample. A PID
sensor consists of an ultraviolet (UV) lamp with nominal photon energy of 10.6 eV and a
detection plate. In order to function the lamp separates carbon based gases into positive and
negative ions that are attracted to the plate. The plate intern has a charge which is a function
of the VOC concentration. [8]
3Figure 2.1: VOC Sensor [8]
M+ photonn→M++ e− (2.1)
2.3 Carbon Dioxide Sensors
Carbon Dioxide sensor was also vital to this experiment. The Carbon Dioxide sensor used
is based on a single beam from an infrared light source. The Carbon Dioxide then absorbs a
portion of the light. The amount of infrared light not absorbed is measured via an infrared
detector thus the direct relationship to gas concentration. In order to eliminate interference
the sensor includes an infrared filter removing all other wavelengths from being exposed to
the detector [13].
2.4 Humidity Sensors
Humidity sensors are important to measure the ratio of water vapor present in a system.
Three major types of sensors are commercially available capacitive, resistive, and thermal
conductivity. Each of which have minor advantages over one another. The capacitive sensor
was chosen due to its native ability to have a linear response to humidity. The raw sensor is
constructed of two conductive plates separated by non moisture absorbent substrate such as
glass [3]. The linearity of the selected sensor is stated in Equation 2.2 and 2.3.
Vout = 25.68RH+1079 (2.2)
RH = 0.03892Vout−42.017 (2.3)
4Figure 2.2: Infrared Carbon Dioxide Sensor [13]
(With Vout in mV and RH in %)
Equation 2.2: Linearity of Capacitive Sensor [2]
2.5 Temperature Sensors
Temperature sensors are available in a wide variety of types. The method of choice is a type
K thermocouple probe. Thermocouples are a solid choice for DAQ systems as they have a
high reliability, accuracy, and relatively low cost. A thermocouple consists of two different
types of metals combined together at this junction a change in temperature induces a change
in electromotive force (EMF). This change in EMF can then be measured and referenced to
a temperature. Some of the other devices commercially available to measure temperature
are resistance temperature devices (RTD), infrared (IR), and fluid expansion [5].
Vout = ρ(T2−T1) (2.4)
where ρ = seebeck coefficient, T2 and T1 are respectively lead temperature in 0C [5].
2.6 Data Acquisition
National Instruments (NI) is a company that boasts their expertise in production of a
hardware and software combination for a broad range of Data Acquisition (DAQ). The Data
Acquisition (DAQ) is accomplished through the implementation of National Instruments (NI)
software and hardware. NI produces proprietary software for equipment which efficiently
5and quickly leads to a functioning program for DAQ projects. NI Laboratory Virtual
Instrumentation Engineering Workbench (LabView) is a graphical programing interface
also known as “G”. “G” language was named after the graphical user interface and is a
dataflow programming language that is able to replace traditional typed languages such
as; BASIC, C, C++, Java, and Assembly with a more user friendly graphical language.
LabView uses Virtual Instruments (VI) that consists of a rear panel using a block diagram
and a front panel using controls and indicators. The combination of the two compile as
the complete program. Block diagram is comprised of blocks of code represented as icons
and interconnected by colored lines which represent wires. Front panel, on the other hand,
consists of the Graphical User Interface (GUI). The GUI is partially built automatically from
the rear panel decreasing the number of mistakes the programmer may have associating the
GUI to the “G” language on the rear panel. This “G” language approach to programming
steers engineers and scientists from many different backgrounds to an efficient solution for
analyzing problems [15].
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EXPERIMENTAL APPARATUS
3.1 Test Fixture
The test fixture was developed and built specifically for a funded research grant in partnership
with the chemistry department. This partnership combined efforts from chemistry and
electronics to create a test fixture capable of measuring VOC content in a non destructive
manner. The test fixture consisted of two major custom designed chambers. The first
chamber consisted of an aluminum housing milled eight tenths of an inch deep four inches
wide and seven inches long. The chamber top consisted of quartz glass window along with
a steel ring (Figure 3.1). The second major chamber custom designed from blown glass
consisted of five one inch orifices bonded to a three inch diameter cylinder with three eights
of an inch barbed inlet and outlet fittings (Figure 3.1). This chamber allowed for a flexible
and versatile set up. The chambers were designed to operate at ambient temperature and
pressure.
7Figure 3.1: Physical Sample Chamber (Biju Bajracharya)
8A PIDTech plus sensor was used to detect the concentration of VOC’s in the system. In
order to accurately monitor the characteristics of the system the following instrumentation
was used (Figure 3.2).
Figure 3.2: Test stand diagram (Biju Bajracharya)
The final design was constructed and implemented inside a hood vent for proper ventila-
tion of potentially dangerous gases (Figure 3.3). The Sensor array support was constructed
using a generic stand with chain straps. The final step in the set up involved the routing of
all instrumentation neatly to the DAQ and related computer hardware (Figure 3.4). A wiring
diagram was implemented to allow for duplication and troubleshooting (Figure 3.6).
3.2 Instrumentation
Volatile Organic Compound sensor chosen for this task was PIDTech plus black series. This
particular sensor was selected for a couple of factors. The PIDTech sensor has a very quick
response time, is easily cleaned, repeatable and accurate response, small size, portability,
reliability, and linear output response. This VOC sensor is based on the photo-ionization
principle. The sensor uses a 10.6 eV lamp allowing it to separate electrons and protons
of gases with an ionization potential less than or equal to 10.6 eV. The plate collects the
electrons and quantifies the charge created. The charge on the plate is proportional to the
amount of VOC’s present. PIDTech plus sensor is designed to respond from 0 to 2000ppm,
9Figure 3.3: Sensor Array
Figure 3.4: Complete test fixture in hood vent
minimum detection quantity of 50ppb, and a response time of less than 20 seconds. This
black sensor is able to withstand a temperature range from -20◦C to 40◦C and relative
humidity from 0 to 90%. The sensor requires a supply voltage of 3.2 to 10 VDC. The output
signal is 0.05 to 2.5VDC. This sensor was factory calibrated.[4] [8].
Vaisala GMT222 CO2 sensor was the sensor of choice to measure the amount of Carbon-
10
Figure 3.5: DAQ and computer hardware
Figure 3.6: Wiring diagram (Biju Bajracharya)
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Figure 3.7: VOC Sensor
Dioxide in the system (Figure 3.8). Vaisala sensor was chosen due to its ability to provide
a linear 0-10VDC output, fast response time, lengthy lifespan, and a probe style sensing
device. The sensor uses a single beam of infrared to in turn measure the concentration of
CO2. The infrared light is measured by an infrared detector. As CO2 passes between the
IR lamp and receiver the CO2 molecules stretch blocking a portion of the IR. The amount
of IR not received is proportional to CO2 concentration in the area. The sensor requires a
24VDC power supply. Vaisala provided a device that was able to measure 0 to 2000ppm.
This output was linear and equation 3.1 describes the response. Output of choice was a
DC voltage ranging from 0 to 10VDC. A warm-up time of 30 seconds is required then a
response time of 30 seconds can be expected. Temperature range is from -20◦C to 60◦C
and it is rated to operate from 0 to 100% relative humidity [13].
ppm
V
=
ppmmax− ppmmin
Vmax−Vmin (3.1)
In order to control the flow rate of the system a Brooks model 4800 was incorporated.
The Brooks flow controller was selected due to its accuracy, stability, reliability, along with
the ability to eliminate manual flow tubes. This flow controller uses a proprietary algorithm
to measure and control the flow rate within ± 1%. The controller requires a power supply
of 15-24VDC. This device incorporates a digital RS485 HyperTerminal interface and an
analog 0-5VDC output [1].
Temperature was acquired using one type K thermocouple in conjunction with NI USB-
TC01 thermocouple module. This method was selected to measure the temperature due
to its reliability, wide use, and relatively inexpensive. The thermocouple is capable of
measuring temperatures between -200oC and 1250 (Figure 3.10) [5] [11]. The sampling
module, NI-USB-TC01 is a differential input with a sample rate of 4 samples per second
and a twenty bit resolution 3.12c [12].
12
Figure 3.8: CO2 Sensor[1]
Figure 3.9: Flow Controller
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Figure 3.10: Thermocouple type K
Humidity was sampled by measurement specialties model HM1500LF. Measurement
Specialties sensor was selected based on the response and low cost. This sensor requires a
supply voltage of 3 to 10VDC and provides an output of 1-3.6VDC. This is a linear sensor
from 10-95% relative humidity with an accuracy of ±3%. Temperature may not exceed
the boundaries of -40oC to 60oC. Measurement Specialties manufactured this sensor and
provided a specific output table to correlate the output voltage to the relative humidity value
(Table 4.2). Warm up time is stated at 150 milliseconds [2].
Figure 3.11: Humidity Sensor [2]
All instrumentation is connected to a computer that controls and measures via NI
hardware and software. The following is the hardware used to acquire the data from the test
fixture:
• Dell OPTIPLEX 755 PCI chassis (Figure 3.12a)
– NI USB-TC01 Single thermocouple input (Figure 3.12c)
– NI SCB-68 - break out board (Figure 3.12b).
– NI 6221 - PCI card (Figures 3.12b and 3.12f)
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a) Dell Optiplex755 [6] b) NI SCB−68[10]
c) NI USB−TC01 [12] d) NI SC−2075 [1]
e) NI PXI−6070E [8] f ) NI PCI−6221 [9]
Figure 3.12: Devices and Components
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3.3 NI USB-TC01
NI USB-TC01 is a single function Universal Serial Bus (USB) DAQ device (Figure 3.12c).
This device was required due to the native low voltage signal of a thermocouple. This
thermocouple module measured the voltage from the type K thermocouple and converted it
to a digital signal used by the computer software determining temperature. The module is
powered by the computers USB connection. It has a sample rate of 4 samples per second and
a 20 bit resolution. The maximum voltage it is able to accommodate from the thermocouple
is 73.125 millivolts and the temperature must not exceed the boundaries of 0◦C to 55◦C
[12].
3.4 NI SCB-68 with NI PCI-6221
NI SCB-68 is a noise rejecting I/O breakout terminal block with screw terminals (Figure
3.12b).The breakout board consists of 68 pins for data acquisition. The data acquisition
board is connected to the NI PCI-6221, a multifunction M series DAQ device (Figure 3.12f).
The conjunction of the two devices allowed for the acquisition of data from the VOC sensor,
Humidity sensor, CO2 sensor, as well as controlling digital outputs. This DAQ had the
following specifications:
• Sixteen analog single-ended channels or eight differential channels with 18-bit resolu-
tion and 833kS/s (±10V).
• Two analog outputs with 16-bit resolution (±10V).
• 24 digital I/O ports with max clock rate of 1Mhz (TTL, 24mA max).
• Two 32bit counters (80Mhz max).
3.5 Procedures
VOC Dark Test Procedure
1. Safety goggles must be worn during all testing procedures.
2. Turn on the Dell optiplex 755 system
3. Open the latest VOC LabView VI.
4. Choose a .txt file that the data will be saved.
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5. Start the VI by pressing the run button.
6. Turn on BK Precision 1660 power supply and the HP E3631A power supply, be sure
to press recall twice to enable the output verifying the correct voltage and current
limit. These power supplies connect to the peripheral hardware.
7. Using VOC VI set the flow rate at which the test will be performed (validate the tank
air supply is in the open position).
8. Perform a full purge of the test stand for 1 hour to allow for a baseline and sensor
warm up.
9. Once the purge has completed lift the sample chamber ring and quartz glass while
inserting the sample.
10. Once the sample is placed reseat the quartz glass and sample chamber ring.
11. Once your test is complete press the stop button within the program, remove your
sample, and purge the stand of any remaining contaminants.
VOC UV Light Test Procedure
1. Safety goggles must be worn during all testing procedures.
2. Turn on the Dell optiplex 755 system
3. Open the latest VOC LabView VI.
4. Choose a .txt file that the data will be saved.
5. Start the VI by pressing the run button.
6. Turn on BK Precision 1660 power supply and the HP E3631A power supply be sure
to press recall twice to enable the output verifying the correct voltage and current limit
(Error: Reference source not found). These power supplies connect to the peripheral
hardware.
7. Using VOC VI set the flow rate at which the test will be performed (validate the tank
air supply is in the open position).
8. Perform a full purge of the test stand for 1 hour to allow for a baseline and sensor
warm up.
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9. Once the purge has completed lift the sample chamber ring and quartz glass while
inserting the sample.
10. Once the sample is placed reseat the quartz glass and sample chamber ring.
11. Lower the UV lamp assembly over the sample chamber ensuring it is powered.
12. Once your test is complete press the stop button within the program, remove your
sample, and purge the stand of any remaining contaminants.
18
Chapter 4
EXPERIMENTAL RESULTS
4.1 System Calibration
Calibration is a mandatory requirement on every test stand to validate proper responses from
the hardware and software as well as the ability to interface between the two. The beginning
step to calibration is to ensure the carrier gas flows through the stand without escaping along
the route. This was verified by performing a visual leak test. The stream of carrier gas must
pass through the whole system and exit through the bubbler (Figure 4.1). This method was
validated visually as the carrier gas is seen through the end device confirming samples flow
completely through the system.
Figure 4.1: Bubbler
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Next the hardware that has all been factory calibrated must have the calibration verified.
The following describes the test and a brief description of the hardware’s response, more
detail on the hardware’s response will be discussed individually for each sensor. Dry ice
was introduced into the test stand as a sample material. The sample consisted of pure 338.0
mg CO2. The flow rate was set to the maximum value of 100mL/min with a carrier gas
of class D air. It is apparent from the CO2 concentration measured well above the sensor
saturation point yielding a value above 2000ppm (Figure 4.3). The VOC content did not
vary in magnitude as CO2 has an ionization value above the sensors 10.6eV (Figure 4.6. Dry
ice has a temperature below negative 70 degrees in which one can expect the carrier gas will
decrease in temperature as the sample is exposed. The temperature began at approximately
25.50C and decreased slightly over the time lapsed (Figure 4.5). The temperature did not
vary much as the sample volume was small and the carrier gas supplied at room temperature
in comparison was relatively large considering the flow rate (Figures 4.7).
VOC sensor is factory calibrated with a linear output. Through LabView software the
DC voltage output is converted into a ppm measurement (Formula 4.1.) In order to prove
proper operation a known chemical was introduced into the stream. As the carrier gas rushed
the VOC through the system the response rapidly increased. The data viewed from the
response curve signifies the concentration of the known chemical exceeds the maximum
value the sensor is able to measure causing full saturation with an output above 2000PPM.
CO2 response test reflects the 0-2000ppm sensor is fully operational as in the first few
seconds the response shows a value over 50ppm. This is an acceptable value as the sample
chamber was opened to insert the 338mg of CO2 (Figure 4.3 ). After the first initial spike the
response begins to level off until the CO2 sensor was removed from the stand at 50 seconds.
Once the sensor was returned the VOC content began to level off again and was fairly stable
at 43ppm. The manufacturer supplied the response factors shown in (Table 4.1). The values
in the table are to be used as a multiplier to the measured output only when the chemical
introduced is known.
ppm
V
=
ppmmax− ppmmin
Vmax−Vmin (4.1)
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Table 4.1: Omega PX1005 Calibration Data
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Flow controllers regulate the flow of gas through a system. The test stand implemented
a Brooks model 4800 (Figure 4.2). Factory calibration was provided for ambient air stream.
The maximum flow as requested is 100mL/min with an accuracy of ±1mL/min [1]. The
controller not only limits the gas stream but also monitors the flow rate. A proprietary
proportional integral derivative (PID) algorithm is executed internally for a self regulating
closed loop device with an amazing response time of less than 300 msec. This model has
serial communication as well as an analog I/O to establish the set point and retrieve current
flow rate. Results from the CO2 verification test (Figure 4.7) show the Brooks flow controller
as very stable with a reliable output that does not exceed the stated error.
Figure 4.2: Brooks Flow Controller
Vaisalla CO2 sensor arrived with factory calibration [13]. The manufacturer states the
accuracy to be within 3ppm. The sensor was then validated by introducing dry ice to the
system. The dry ice consists of pure CO2. Results show the concentration of CO2 is greater
than 2000ppm (Figure 4.3). The results then show 0ppm at approximately 50 seconds as the
sensor was removed from the array. Each spike there after is from reinserting the sensor
probe.
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Figure 4.3: CO2 Dry Ice Validation (338mg CO2)
The humidity sensor provided by Measurement Specialties was factory calibrated ac-
cording to Table 4.2 (Figure 3.11). The sensor proved to be responsive in CO2 verification
test. The purge started and lowered the humidity to the minimum detectable limit of 10
percent. The humidity then begins to rise as the CO2 sensor is removed from the sensor
array allowing the moist humid air from the room into the stream. The beginning of the
humidity increase correlates with the first time the CO2 sensor was extracted at the 50
second mark (Figure 4.4). Humidity in the sensor array continued to rise as the CO2 sensor
was removed again at approximately 300 seconds and 500 seconds. The output as calibrated
by the manufacturer is stated with an accuracy of ±2% [2].
Temperature sensor was also validated for proper operation during the CO2 response
test (Figure 3.10). The sensor used was an Omega type K thermocouple in conjunction
with NI-TC01 thermocouple module. The temperature for this test did not deviate over 5
hundredths of a degree (Figure 4.5). This is well within the manufacturers specifications.
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Figure 4.4: Humidity Response to CO2 Dry Ice Validation (338mg CO2)
Figure 4.5: Temperature CO2 Dry Ice Validation (338mg CO2)
As the system was developed a spraying apparatus was designed and required a solenoid
valve to control the length of time the air supply was on for each spray (Figure 4.8). This
solenoid required a controller as the DAQ is unable to supply the rated current and voltage.
The controller designed used Solid State Relay’s (SSR) (Figure 4.9). SSR is a solid state
device that uses a small voltage and current for an input and is able to switch a larger voltage
and current for the output. The controller as designed requires an input of less than 15mA
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Figure 4.6: VOC Response CO2 Dry Ice Validation (338mg CO2)
Table 4.2: HM1500LF Calibrated Output [2]
and 3 Volts DC.
The design of this SSR controller was sparked by a requirement imposed on Roger
Harrison an undergraduate in the School of Computing. He was able to redesign a hand
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sketched schematic provided by Steven Allee into figure 4.10. The Computer Aided Draft
(CAD) of the SSR circuitry is shown in figure 4.11. As designed the controller is very
versatile allowing for 8 separate outputs individually controlled by Transistor-Transistor-
Logic (TTL). This is an ideal controller design for current TTL DAQ systems.
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Figure 4.7: Flowrate CO2 Dry Ice Validation (338mg CO2)
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Figure 4.8: Spray Stand
Figure 4.9: Solid State Relay
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Figure 4.10: Valve Controller Schematic (Roger Harrison)
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Figure 4.11: Valve Controller CAD Layout
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4.2 Test Fixture Software
Software designed for the test stand was written in G language provided by LabView. The
program was implemented and acquired data from each of the sensors while simultaneously
controlling the outputs. Prior to initiating a test the user must enter a file path to save data
acquired during testing for future analysis. This software does not require the user to be
present during a test run allowing it to be autonomous. As the test was performed the
system automatically saved the data line by line into a text file for further analysis. The user
interface, also noted as the front panel, was created to show the user a live display of inputs
and outputs (Figure 4.12). The front panel also allows the user to change the flow rate or
stop the system test.
Figure 4.12: VI Front Panel
The program block diagram, also known as the rear panel, shows the logic behind the
system as well as the flow of data from one section to another(Figure 4.13).
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Figure 4.13: LabVIEW Block Diagram
4.3 Data analysis
Numerous tests were performed in the initial stage to validate the calibration of each piece
of hardware and its ability to communicate with the software.
The test stand as implemented was able to yield the following results from two separate
samples. Sample one consisted of a spray coating with organic compounds while sample
two did not receive organic compounds it was strictly a non VOC coating. The samples
were manually inserted into the custom sample chamber while constant exposure of UV
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light at a wavelength of 350nm while testing. The results from sample two show a CO2
measurement of approximately 247 ppm and leveling at 200ppm (Figure 4.14b). The initial
peak of CO2 can be attributed to the sample being inserted into the chamber while the
level of 200ppm can be attributed to the baseline concentration of the supplied carrier gas.
Analysis of sample one reflects the concentration of CO2 has doubled (Figure 4.14a). The
doubling noticed in sample one with organics present can be attributed to the outgassing
of VOC’s producing an excess of CO2. The VOC content from Sample one is consistently
at a value of 40.69ppm (Figure 4.17a). Sample two from the VOC sensor measures pretty
consistently 40.36ppm (Figure 4.17b). Sample one and sample two correlate with each other.
The first sample has organics present outgassing VOC’s while sample two does not consist
of organics measuring much lower than sample one. These two tests were run back to back
in a 24 hour cycle. The temperature (Figure 4.16a) (Figure 4.16b) and the humidity (Figure
4.15a) (Figure 4.15b) sensors both reflected the same data on both analysis. The humidity
reflects a value of 10%RH. This value is the minimum value the sensor can measure. The
temperature has a curve that keeps it within 2 degrees Celsius. The temperature increase can
be associated with two variables. The first of which is the UV lamps heating the aluminum
housing of the custom sample chamber. The other factor in the temperature is the ambient
temperature outside the senor array. The ambient air is not a variable that can be controlled
during the tests at times imposing a slight error in results.
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(a)
(b)
Figure 4.14: CO2 Sensor Organics Vs. Non Organics
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(a)
(b)
Figure 4.15: CO2 Sensor Organics Vs. Non Organics
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(a)
(b)
Figure 4.16: CO2 Sensor Organics Vs. Non Organics
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(a)
(b)
Figure 4.17: CO2 Sensor Organics Vs. Non Organics
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(a)
(b)
Figure 4.18: CO2 Sensor Organics Vs. Non Organics
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Chapter 5
CONCLUSION
The VOC test stand produced evolved many times during the research and construction. The
modifications have allowed the test stand to provide accurate and repeatable results. Results
concluded the stand was able to measure a continuous flow of Volatile Organic Compounds
to a part per million levels without destroying the original sample. The system also has
the ability to adapt with future expansion, allowing the output sample to be collected and
validated by the more widely accepted method of Gas Chromatography Mass Spectroscopy.
This system has the advantage of measuring a sample as it is degraded over time, while the
GCMS method can only analyze one small sample at a time only allowing it to be useful in
validating data. The test stand has proved to be successful in measuring not only the VOC
content but other atmospheric conditions that accompany the degradation of VOC’s within
the system. This test stand as implemented has the ability to become a widely accepted
method and the first choice for measuring continuous flows of gas that may contain VOC
content.
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